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(54) Colour image forming apparatus and adjustment method 



(57) In a color image forming apparatus, a color ton- 
er patch for controlling density or chromaticity may be 
detected by a color sensor (42) and fed back to process 
conditions so as to control density or chromaticity of a 
final output image. 

In the present invention, a gray patch of black (61) 
and a process gray patch (62) of yellow, magenta and 



FIG. 2 



cyan are formed on a transfer medium (1 1 ), the chroma- 
ticity is detected without using a criterion for sensor out- 
put proofreading, and relative comparison is made be- 
tween the chromaticities detected from the above two 
types of gray patches by using as a standard the gray 
patch of black which is almost achromatic, and if the 
chromaticities are consistent with each other, the proc- 
ess gray patch is judged to be achromatic. 
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D scription 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a color identi- 
fication method for color image forming apparatuses 
such as a color printer and a color copier in an electro- 
photographic method, an ink jet method or the like, and 
an image forming apparatus for controlling an image 
processing portion by using information obtained by this 
color identification method. 

Related Background Art 

[0002] In recent years, higher quality of output images 
is required lor color image forming apparatuses such as 
a color printer and a color copier adopting an electro- 
photographic method, an ink jet method or the like. 
[0003] In particular, gradation in density and stability 
thereof have a great influence on judgement made by a 
human being as to whether an image is good or not. 
[0004] As for the above described color image form- 
ing apparatuses, however, the density of the obtained 
imago changes if portions of the apparatus change due 
to environmental change and long-time use. 
[0005] In particular, in the case of the color image 
forming apparatus in the electrophotographic method, 
even a slight change in the density may cause a color 
balance to collapse so that it is necessary to always 
keep constant density-gradation characteristics. 
[0006] Accordingly, for toner of each color, it has proc- 
ess conditions such as several kinds of exposure 
amounts and development biases according to absolute 
humidity and gradation correcting means such as a 
lookup table (LUT), and selects the process conditions 
at the time and an optimum value of gradation correction 
are selected on the basis of the absolute humidity meas- 
ured by a temperature/humidity sensor. 
[0007] In addition, it has a configuration wherein, to 
obtain the constant density-gradation characteristics 
even if change of each part of the apparatus takes place, 
a density detecting toner patch is created with the toner 
in each color on an intermediate transfer member, a 
drum or the like, and the density of the unfixed toner 
palch is detected by an unfixed toner density detecting 
sensor, so that density control is performed by feeding 
back the process conditions such as the exposure val- 
ues and development bias from the detection results so 
as to obtain stable images. 

[0008] However, in the density control using the un- 
fixed toner density detecting sensor, the patch is formed 
on the intermediate transfer member, a drum or the like 
to detect the density, and control is not carried out on 
transfer to a transfer medium and change in the color 
balance of th image due to fixing. 
[0009] The color balance also changes due to transfer 



efficiency in transferring a toner imag to the transfer 
medium and due to heating and pressurization for fixing. 
This change cannot be handled by the density control 
using the unfixed toner density detecting sensor. Ac- 
5 cordingly, an image forming apparatus has been de- 
vised which has a density or chromaticity detecting sen- 
sor for detecting the density of a monochromatic toner 
image or the chromaticity of a full color image on the 
transfer medium after the transfer and fixing (hereafter, 
io referred to as a color sensor), forms a density or chro- 
maticity controlling color toner patch (hereafter, referred 
to as a patch) on the transfer medium, feeds back the 
detected density or chromaticity to the process condi- 
tions such as the exposure amount, and lookup table 
is (LUT), and performs density or chromaticity control of a 
final output image formed on the transfer medium. 
[0010] In order to identify CMYK and detect the den- 
sity or chromaticity, for instance, this color sensor uses 
light sources emitting light in red (R), green (G) and blue 
20 (B) as a light emitting device, or uses a light source emit- 
ting light in white (W) as a light emitting device and three 
types of filters which are formed on a photoreceptor and 
are different in spectral transmittance of red (R), green 
(G), blue (B), etc. It is possible to identify the CMYK and 
25 detect the density from the three different outputs ob- 
tained, for example, RGB outputs. 
[0011] In addition, it is possible to mathematically 
process the RGB outputs by linear transformation and 
so on or convert it by the lookup table (LUT) so as to 
30 detect the chromaticity. 

[0012] Also in a printer in the ink jet method, the color 
balance also changes due to a change in ink discharge 
over time, an environmental difference and individual 
differences in ink cartridges so that the density-grada- 
35 tion characteristics cannot be kept constant. According- 
ly, it is devised to install the color sensor in the vicinity 
of an output portion of the printer so as to detect the 
density or chromaticity of the patch on the transfer me- 
dium and perform the density or chromaticity control. 
40 [0013] There are various methods of controlling the 
density or chromaticity. For instance, a gamma charac- 
teristic is controlled from the measured density, or a 
color matching table and a color separation table are 
corrected from the measured chromaticity. 
45 [0014] In order to detect the absolute density or the 
absolute chromaticity of the patch by using the color 
sensor, however for the following reasons, a criterion is 
required in which the absolute value of the density or 
chromaticity of a sensor output proofreading white ref- 
50 erence board or the like is known. 

[0015] The first reason is that it is necessary to proof- 
read variations in spectral characteristics of the light 
emitting devices and photoreceptors constituting the 
sensor. 

55 [0016] The second reason is that even when the same 
patch is detected, the outputs may be different due to 
change over tim in th light mitting portion and the 
photoreceptive portion of the sensor and change in am- 
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bient temperature. 

[0017] The third reason is that a lot of transfer medi- 
ums pass through the vicinity of the sensor during nor- 
mal printing, and so paper powder, toner or ink is scat- 
tered to accumulate or stick on the sensor surface, 
bringing about reduction in sensor output. 
[0018] However, the white reference board which is 
often used as a criterion of sensor output proofreading 
is not only expensive but also possibly gets paper pow- 
der, toner or ink scattered thereon as in the sensor to 
become no longer usable as a reference board. 
[0019] On the other hand, if the density or chromaticity 
of the patch is detected without using the criterion for 
the sensor output proofreading, that is, without proof- 
reading the sensor output the sensor outputs a value 
different from actual density or chromaticity of the patch 
when affected by the above reason. 
[0020] If the density or chromaticity is controlled by 
using the results, no color balance is achieved and de- 
sired density-gradation characteristics cannot be ob- 
tained. In addition, in some cases, the color balance is 
further lost and the density-gradation characteristics de- 
teriorate. 

SUMMARY OF THE INVENTION 

[0021] An object of the present invention is, in a color 
identification method for color image forming apparatus, 
to make it possible to determine by using a color sensor 
that a process gray patch is an achromatic color, and if 
it is an achromatic color, to detect which gradation of 
black it is equivalent to in lightness without using a cri- 
terion for sensor output proofreading, so as to be suffi- 
ciently exploitable for density or chromaticity control 
even though absolute chromaticity cannot be detected. 
[0022] Another object is to improve color reproducibil- 
ity between a plurality of color image forming appara- 
tuses. 

[0023] To achieve the above objects, the present in- 
vention provides an image forming apparatus compris- 
ing: 

an image forming means for forming images out of 
an achromatic colorant and a plurality of chromatic 
colorants and superimposing the images to form a 
color image; 

a means for having the image forming means form 
a gray patch out of a chromatic colorants and a gray 
patch out of the achromatic colorant; 
a detecting means for detecting chromaticity of the 
gray patch formed out of the chromatic colorants 
and chromaticity of the gray patch formed out of the 
achromatic color colorant by using a color sensor; 
and 

a controlling means for controlling image forming 
conditions for the image forming means on the ba- 
sis of those detection results. 



[0024] The present invention also provides an adjust- 
ment method for an image forming apparatus forming 
images out of an achromatic colorant and a plurality of 
chromatic colorants and superimposing the images to 
5 form a color image, comprising: 



a step of having an image forming apparatus form 
a gray patch out of the chromatic colorants and a 
gray patch out of the achromatic colorant; 
a step of detecting chromaticity of the gray patch 
formed out of the chromatic colorants and chroma- 
ticity of the gray patch formed out of the achromatic 
colorant by using a color sensor included in the im- 
age forming apparatus; and 
a step of controlling image forming conditions for 
the image forming means on basis of those detec- 
tion results. 
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[0025] The present invention further provides an ad- 
justment method for a plurality of image forming appa- 
ratuses forming images out of an achromatic colorant 
and a plurality of chromatic colorants and superimpos- 
ing the images to form a color image, comprising: 

a step of having a reference image forming appa- 
ratus form a gray patch out of the chromatic color- 
ants and a gray patch out of the achromatic color- 
ant; 

a step of detecting chromaticity of the gray patch 
formed out of the chromatic colorants and chroma- 
ticity of the gray patch formed out of the achromatic 
colorant respectively on the reference image form- 
ing apparatus by using a color sensor included in 
another image forming apparatus; 
a step of having the other image forming apparatus 
form the gray patch out of the chromatic colorants 
and the gray patch out of the achromatic colorant; 
a step of detecting chromaticity of the gray patch 
formed out of the chromatic colorants and chroma- 
ticity of the gray patch formed out of the achromatic 
colorant respectively on the other image forming 
apparatus by using the color sensor included in the 
other image forming apparatus; and 
a step of adjusting image forming conditions for said 
other image forming apparatus on the basis of the 
detection results of the detecting steps. 



[0026] The present invention still further provides an 
adjustment method of the image forming apparatus, 
so comprising: 

a step of detecting the chromaticity of a reference 
patch by using the color sensor included in the im- 
age forming apparatus; and 
55 a correcting step of correcting an output table of the 
color sensor on the basis of the detected chroma- 
ticity. 
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[0027] Other objects, configurations and effects of the 
present invention will beclear from the following detailed 
description and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

FIG. 1 is a block diagram of a color image forming 
apparatus to be used for describing a first embodi- 
ment of the present invention; 
FIG. 2 is a flowchart showing the first embodiment 
of a color identification method of the image forming 
apparatus of the present invention; 
FIG. 3 is a flowchart showing an example of a proc- 
ess in the image processing portion of the image 
forming apparatus of the present invention; 
FIG. 4 is af lowchart showing a second embodiment 
of the color identification method of the image form- 
ing apparatus of the present invention; 
FIG. 5 is a flowchart showing a third embodiment of 
the color identification method of the image forming 
apparatus of the present invention; 
FIG. 6 is a flowchart showing a fourth embodiment 
of the color identification method of the image form- 
ing apparatus of the present invention; 
FIG. 7 is a diagram showing a configuration of a 
density sensor; 

FIG. 8 is a diagram showing a patch pattern for con- 
trolling the density-gradation characteristics, 
formed on the intermediate transfer member; 
FIG. 9 is a diagram showing a configuration of a 
color sensor; 

FIG. 10 is a diagram showing a patch pattern for 
controlling the density-gradation characteristics, 
formed on the transfer element; 
FIG. 11 is a flowchart showing control in a fifth em- 
bodiment; 

FIG. 12A is a table explaining color matching charts 
A and B; 

FIG. 1 2B is a table explaining color matching charts 
A and B; 

FIG. 1 3 is a flowchart showing control in a sixth em- 
bodiment; 

FIG. 14 is a flowchart showing control in a seventh 
embodiment; and 

FIG. 15 is a flowchart showing control in an eighth 
embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] The present invention will be described below 
on the basis of embodiments. 

(First embodiment) 

[0030] FIG. 1 is a block diagram showing a tandem- 



method color image forming apparatus adopting an in- 
termediate transfer member 27 as an example of the 
color image forming apparatus in an electrophotograph- 
ic method. 

5 [0031] Operation of the color image forming appara- 
tus in the electrophotographic method will be described 
by using FIG. 1. 

[0032] In an image forming portion shown in FIG. 1 , 
the color image forming apparatus forms an electrostat- 
ic? ic latent image with exposure light controlled by an im- 
age processing portion (not shown) on the basis of an 
image signal, develops this electrostatic latent image to 
form a monochromatic toner image, superimposes this 
monochromatic toner image to form a multicolor toner 
15 image, transfers this multicolor toner image to a transfer 
element 11 to fix the multicolor toner image thereon, 
where the above described image forming portion is 
comprised of a sheet feeding portion 21 , photosensitive 
members (hereafter, referred to as photosensitive 
20 drums) 22Y, 22M, 22C and 22K for each of the stations 
arranged according to each development color, injection 
chargers 23Y, 23M, 23C and 23K constituting injection 
charging means as primary charging means, toner car- 
tridges 25Y, 25M, 25C and 25K, developing devices 
25 26Y, 26M, 26C and 26K constituting developing means, 
the intermediate transfer member 27 : a transfer roller 
28 and a fixing portion 30. 

[0033] The above described photosensitive drums 
22Y, 22M, 22C and 22K are constituted of an aluminum 

30 cylinder the outer periphery of which is coated with an 
organic photoconductive layer, and rotated by driving 
force of a drive motor (not shown), where the drive motor 
rotates the photosensitive drums 22Y, 22M, 22C and 
22K counterclockwise according to image forming op- 

35 eration. 

[0034] Four injection chargers 23Y, 23M, 23C and 
23K for charging the photosensitive drums of yellow (Y) , 
magenta (M), cyan (C) and black (K) are provided to 
each station as primary charging means, and the injec- 
40 tion chargers have sleeves 23YS, 23MS, 23CS and 
23KS. 

[0035] The exposure light for the photosensitive 
drums 22Y, 22M, 22C and 22K is sent from scanner por- 
tions 24Y, 24M, 24C and 24K, and the electrostatic 1a- 

45 tent image is formed by selectively exposing the surface 
of the photosensitive drums 22Y, 22M, 22C or 22K. 
[0036] The developing means is constituted so that 
each station has the four developing devices 26Y, 26M, 
26C and 26K for performing development of yellow (Y), 

so magenta (M), cyan (C) and black (K) in order to visualize 
the above described electrostatic latent image, and the 
developing devices have sleeves 26YS, 26MS, 26CS 
and 26KS. Each developing device is detachably 
mounted. 

55 [0037] The intermediate transfer member 27 is in con- 
tact with the photosensitiv drums 22Y, 22M, 22C or 
22K : and rotates clockwise when forming a color image 
to rotate in conjunction with rotation of the photosensi- 
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tive drums 22Y, 22M , 22C or 22K so as to have the mon- 
ochromatic toner image transferred. 
[0038] The transfer roller 28 described later comes in- 
to contact with the intermediate transfer member 27 to 
sandwich therebetween and carry the transfer medium 
11 so as to transfer the multicolor toner image on the 
i ntermediate transfer member 27 to the transfer medium 
11. 

[0039] While transferring the multicolor toner image 
to the transfer element 1 1 , the transfer roller 28 comes 
into contact with the transfer element 11 at a position 
28a and moves away to a position 28b after printing. 
[0040] The fixing portion 30 melts and fixes the trans- 
ferred multicolor toner image while carrying the transfer 
medium 11, and has a fixing roller 31 for heating the 
transfer medium 11 and a pressurizing roller 32 for 
bringing the transfer medium 1 1 into pressure-contact 
with the fixing roller 31 as shown in FIG. 1. 
[0041] The fixing roller 31 and pressurizing roller 32 
are formed to be hollow, having heaters 33 and 34 in- 
stalled therein respectively. 

[0042] To be more specific, the transfer medium 11 
holding the multicolor toner image is carried by the fixing 
roller 31 and pressurizing roller 32, and also has heat 
and pressure applied thereto so that the toner is fixed 
on the surface. 

[0043] After the toner image is fixed, the transfer me- 
dium 11 is discharged to a discharge paper tray (not 
shown) by a discharge roller (not shown) so as to finish 
the image forming operation. 

[0044] Cleaning means 29 cleans toner remaining on 
the intermediate transfer member 27, where waste toner 
is stored in a cleaner container (not shown) after trans- 
ferring the multicolor toner image of four colors formed 
on the intermediate transfer member 27 to the transfer 
medium 11. 

[0045] In the color image forming apparatus shown in 
FIG. 1 , a density sensor 41 is placed toward the inter- 
mediate transfer member 27, and measures density of 
a toner patch formed on the surface of the intermediate 
transfer member 27. FIG. 7 shows an example of the 
configuration of the density sensor 41 . It is comprised 
of an infrared light emitting device 51 such as an LED, 
a light receiving element 52 such as a photodiode or 
Cds, an IC (not shown) for processing light receiving da- 
ta, and a holder (not shown) for holding them. A light 
receiving element 52a detects irregular reflection light 
intensity from the toner patch, and a light receiving ele- 
ment 52b detects regular reflection light intensity there- 
from . It is possible to detect the density of the toner patch 
ranging from high to low density by detecting both the 
regular reflection light intensity and irregular reflection 
light intensity. Moreover, there are the cases where an 
optical element (not shown) such as a lens or the like is 
used to combine the above described light emitting de- 
vice 51 and light receiving element 52. 
[0046] FIG. 8 shows an example of a patch pattern for 
controlling the density-gradation characteristics to be 



formed on the intermediate transfer member. Gradation 
patches 65 of unfixed K toner monochrome are aligned. 
Thereafter, gradation patches of C, M or Y toner mono- 
chrome (not shown) are continuously formed. The 

5 above described density sensor 41 cannot distinguish 
the color of the toner placed on the intermediate transfer 
member. For that reason, the gradation patch 65 of the 
monochromatic toner is formed on the intermediate 
transfer member. Thereafter, this density data is fed 

10 back to a calibration table for correcting the density-gra- 
dation characteristics of the image processing portion 
and each process condition of the image forming por- 
tion. 

[0047] In addition, the density sensor 41 includes one 

15 in which, using a conversion table for performing con- 
version from detected density into a color difference 
from a specific type of paper, output is effected after the 
conversion into the color difference from the specific 
type of paper, which is however limited to monochrome 

20 patches of C, M, Y and K. In the case where the density 
sensor is capable of outputting the color difference from 
the specific type of paper in addition to the density, it is 
also possible to control the color difference-gradation 
characteristics from the specific type of paper of each 

25 of C, M, Y and K instead of controlling the density-gra- 
dation characteristics of each of C : M, Y and K. In this 
case, the density of the density-gradation characteristic 
control described so far should be totally changed to the 
color difference from the specific paper type. It is possi- 

30 ble to obtain the gradation characteristics more suited 
to human visual characteristics by controlling the color 
difference-gradation characteristics from the specific 
type of paper of each of C, M, Y and K. 
[0048] A color sensor 42 is placed toward the image 

35 forming surface of the transfer medium 1 1 on the down- 
stream side of the fixing portion 30 of a transfer medium 
carriage route in the color image forming apparatus 
shown in FIG. 1, and detects an RGB output value of 
the color of a fixed mixed-color patch formed on the 

40 transfer medium 11. It is possible, by placing it inside 
the color image forming apparatus, to automatically de- 
tect the fixed image before discharge to a paper dis- 
charge portion. 

[0049] FIG. 9 shows an example of the configuration 
^5 of the color sensor 42. The color sensor 42 is comprised 
of a white LED 53 and a charge-accumulative sensor 
54 with an RGB on-chip filter. Light is irradiated form the 
white LED 53 to the transfer medium 1 1 having the fixed 
patch formed thereon at an incident angle of 45 degrees, 
50 and the irregular reflection light intensity toward a 0-de- 
gree direction is detected by the charge-accumulative 
sensor 54a with the RGB on-chip filter. The photorecep- 
tive portion of the charge-accumulative sensor 54a with 
the RGB on-chip filter has RGB as independent pixels 
55 as in 54b. The charge-accumulative sensor of the 
charge-accumulative sensor 54 with the RGB on-chip 
filter may be a photodiode. It may also be several sets 
of the three pixels of RGB aligned. In addition, it may 
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also have the configuration wherein an incident angle is 
0 degree and a reflection angle is 45 degrees. Further- 
more, it may also be comprised of an LED emitting light 
of three colors of RGB and a no-filter sensor. 
[0050] Here : FIG. 10 shows an example of the fixed 
patch pattern for controlling the density-gradation char- 
acteristics to be formed on the transfer medium 1 1 . The 
patch pattern for controlling the density-gradation char- 
acteristics is the center of a color reproduction area, and 
is a gradation patch pattern of gray which is a very im- 
portant color in achieving the color balance. It is com- 
prised of a gray gradation patch 61 of black (K) and a 
process gray gradation patch 62 of the mixed colors of 
cyan (C), magenta (M), and yellow (Y), where the gray 
gradation patch 61 of K and the CMY process gray gra- 
dation patch 62 which are close in chromaticity are 
aligned in pairs on a standard color image forming ap- 
paratus such as 61 a and 62a, 61 b and 62b, and 61 c and 
62c. An RGB output value of this patch is detected by 
the color sensor 42. 

[0051] The fixed patch pattern for controlling the den- 
sity-gradation characteristics, formed on the transfer 
medium 1 1 , is not limited to a gray patch pattern but may 
also be a monochrome gradation patch pattern of C, M, 
Y or K. To be more specific, it may also be a fixed one 
of the earlier explained patch pattern for controlling the 
density-gradation characteristics to be formed on the in- 
termediate transfer member. In addition, it is also pos- 
sibl to calculate the absolute chromaticity by providing 
an absolute white criterion and so on. 
[0052] Furthermore, as the RGB output value succes- 
sively changes relatively to the gradation, it is possible, 
by mathematically processing the RGB output values of 
a certain gradation and the gradation adjacent thereto 
by means of primary or secondary approximation, to cal- 
culate an estimate of the RGB output value between the 
detected gradations. Even in the case where there is no 
absolute white criterion and the absolute chromaticity 
cannot be calculated, it is possible, by making a relative 
comparison of the RGB output values between the gray 
gradation patch of K and the CMY process gray grada- 
tion patch, to calculate a mixture ratio of the three colors 
of CMY of the process gray patch of the mixed three 
colors of CMY of which chromaticity is almost the same 
as that of the gray patch of K of a certain gradient. 
[0053] FIG. 2 is a flowchart showing a color identifi- 
cation method in this embodiment for determining that 
the process gray patch is an achromatic color without 
using the criterion for the sensor output proofreading, 
and if it is the achromatic color, detecting which of gra- 
dation of black it is equivalent to in lightness. 
[0054] This embodiment will be described on the ba- 
sis of FIGS. 1 , 2 and 8. 

[0055] The transfer medium 11 having a density or 
chromaticity controlling patch pattern 60 formed thereon 
passes through the fixing portion 30, and detects the 
chromaticity of a gray patch 61 a of black with the color 
sensor 42 in a step 111. 



[0056] Furthermore, it detects th chromaticity of a 
process gray patch 62a in a step 112. 
[0057] As the criterion for the sensor output proof- 
reading is not used for the chromaticity detected in the 
5 steps 1 1 1 and 1 1 2, absolute accuracy of the chromaticity 
does not matter. 

[0058] In a step 1 1 3, using the fact that the gray patch 
61 of black is almost the achromatic color, relative com- 
parison is made on whether the chromaticity of the gray 
io patch 61 a of black and that of the process gray patch 
62a are the same. 

[0059] In the case where the chromaticity is different 
between them, it is determined that the process gray 
patch 62a is a chromatic color in a step 114. 

15 [0060] In the case where the chromaticity is the same 
between them, it is determined that the process gray 
patch 62a is the achromatic color In a step 115. 
[0061] Furthermore, in a step 116, it is detected that 
the lightness of a process gray patch 62a is the same 

20 as that of the gray patch 61 a of black. 

[0062] However, an absolute value of the lightness re- 
ferred to in this case does not indicate the lightness of 
the chromaticity detected in the steps 112. 
[0063] As the chromaticity in the steps 112 cannot 

25 have the absolute accuracy calculated, what is known 
here is that the absolute value of the lightness is the 
same. 

[0064] This series of processing is sequentially per- 
formed for all the patches 61a, 61b, 61c 62a, 62b, 

30 62c ... of the density or chromaticity controlling patch 
pattern 60 formed on the transfer medium 11 . 
[0065] It is also possible to detect the chromaticity of 
all the patches 61 and 62 first and then collectively de- 
termine whether or not the process gray is the achro- 

35 matic color. 

[0066] In addition, it is also possible to extend the sub- 
jects of the relative comparison with the chromaticity of 
the process gray patch 62 in the step 113 to the chro- 
maticity of all the gray patches 61 of black that were 

40 measured. 

[0067] In addition, when making the relative compar- 
ison between the chromaticity of the gray patch 61 of 
black and that of the process gray patch 62, even if they 
are not completely consistent with each other, it is also 

45 possible to determine that the patch to be detected is 
an achromatic color as far as the color difference is with- 
in a range acceptable to human beings such as within 
AE3. 

[0068] It is possible, by the above color identification 
50 method of the color image forming apparatus, to .deter- 
mine whether or not the process gray patch is the ach- 
romatic color and know a level of the lightness thereof 
without using the criterion of the sensor output proof- 
reading of the color sensor, and so it is less expensiv 
55 because the above described criterion is not necessary. 
Moreover, the relativ comparison is made between th 
gray patch of black and the process gray patch instead 
of detecting the absolute chromaticity, so that it is pos- 
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sible to output sufficient data for performing highly ac- 
curate density or chromaticity control without being in- 
fluenced by contamination ofthesensorcaused by scat- 
tered paper powder, toner or ink, without being influ- 
enced by a temperature characteristics of the sensor 
and without being influenced by variations in spectral 
characteristics of the sensor. 

[0069] Furthermore, the mixture ratio of the three 
colors of yellow, magenta and cyan at which the process 
gray patch becomes an achromatic color is calculated 
for a plurality of gradations by mixture ratio calculation 
means from the data obtained by the color identification 
method of the above described image forming appara- 
tus. 

[0070] This mixture ratio is fed back to the image 
processing portion of the image forming apparatus to 
control image forming conditions so that the image form- 
ing apparatus of good density-gradation characteristics 
can be provided. 

[0071] FIG. 3 is a flowchart showing an example of a 
process in the image processing portion of the image 
forming apparatus. 

[0072] In a step 121, an RGB signal representing a 
color of an image sent from a personal computer and so 
on is converted into a device RGB signal (hereafter, re- 
ferred to as DevRGB) conformed to the color reproduc- 
tion area of the image forming apparatus by a color 
matching table prepared in advance. 
[0073] In a step 122, the above described DevRGB 
signal is converted into a CMYK signal which is a toner 
color material color of the image forming apparatus by 
a color separation table prepared in advance. 
[0074] In a step 1 23, the above described CMYK sig- 
nal is converted into a C'M'Y'K' signal of which density- 
gradation characteristics are corrected by calibration ta- 
ble for correcting the density-gradation characteristics 
unique to each image forming apparatus. 
[0075] In a step 124, it is converted into exposure 
times Tc, Tm, Ty andTk of the above described scanner 
portions 24C, 24M, 24Y and 24K corresponding to the 
above described C'M'Y'K' signal according to a PWM 
(Pulse Width Modulation) table. 

[0076] In a step 125, the mixture ratio of the above 
described three colors of yellow, magenta and cyan at 
which the process gray patch becomes an achromatic 
color is fed back to the above described calibration table 
in the step 123 so that the density-gradation character- 
istics unique to each image forming apparatus can be 
corrected. 

[0077] As described earlier, the density-gradation 
characteristics change according to environmental 
change and long-time use, and so it is very effective to 
perform the above correction in predetermined timing. 
[0078] Besides, it is also possible to correct the color 
matching table and the color separation table. 



(Second embodiment) 

[0079] FIG. 4 is a flowchart showing the color identi- 
fication method for determining that the process gray 

5 patch is an achromatic color without using a criterion for 
the sensor output proofreading in this embodiment and 
if it is the achromatic color, detecting which gradation of 
black it is equivalent to in lightness. 
[0080] The second embodiment is different from the 

10 first embodiment in that estimated chromaticity of the 
gray patches of black of ail the gradations is calculated 
from the chromaticity of a plurality of gray patches of 
black of different gradients, and the relative comparison 
is made between the chromaticity of the process gray 

is patch and this estimated chromaticity. 

[0081] This embodiment will be described on the ba- 
sis of FIGS. 1 , 4 and 8. The transfer medium 11 having 
formed the density or chromaticity controlling patch pat- 
tern 60 formed thereon passes through the fixing portion 

20 30, detecting the chromaticity of all the gray patches 
61a, 61b, 61c ... of black with the color sensor 42 in a 
step 211. 

[0082] Furthermore, it detects the chromaticity of all 
the process gray patches 62a, 62b, 62c ... in a step 212. 
25 [0083] As the criterion for the sensor output proof- 
reading is not used for the chromaticity detected in the 
steps 211 and 212, the absolute accuracy of the chro- 
maticity does not matter. 

[0084] After detecting the chromaticity of all the patch- 
so es 61 and 62, the estimated chromaticity for ail the gra- 
dients is calculated from the chromaticity of all the gray 
patches 61a, 61b, 61c ... of black in a step 213. 
[0085] As the chromaticity successively changes rel- 
atively to the gradation, it is calculated by using the enro- 
ls maticity of the adjacent gradients of the detected gradi- 
ents and performing the mathematical process such as 
the primary or secondary approximation. 
[0086] In a step 214, a search and the relative com- 
parison are performed, by using the fact that the gray 
40 patches 61 of black are mostly the achromatic colors, 
as to whether or not the chromaticity detected from the 
process gray patch 62a is the same as the chromaticity 
of any gradation of the estimated chromaticity of the 
gray patches of black calculated in the step 213. 
45 [0087] As a result of the relative comparison, in the 
case where there is no matching chromaticity, the proc- 
ess gray patch 62a is determined to be the chromatic 
color in a step 215. 

[0088] In the case where there is matching chroma- 
50 ticity, the process gray patch 62a is determined to be 
the achromatic color in a step 21 6. 
[0089] Furthermore, it is detected that the lightness of 
the chromaticity of the process gray patch 62a is the 
same as that of the gray patch of black of the matching 
55 chromaticity in a step 217. 

[0090] However, the absolute value of the lightness 
referred to here is not th lightness of the estimated 
chromaticity calculated in the step 213. 
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[0091] As the estimated chromaticity of the step 213 
cannot have the absolute accuracy calculated, it is 
known here that the absolute value of the lightness is 
the same. 

[0092] The processing from the step 214 onward is 
sequentially performed for all the process gray patches 
62a, 62b, 62c ... of the density or chromaticity control ling 
patch pattern 60 formed on the transfer medium 11 . 
[0093] In addition, when making the relative compar- 
ison between the chromaticity of the gray patch 61 of 
black and that of the process gray patch 62, even if they 
are not completely consistent with each other, it is also 
possible to determine that the patch to be detected is 
an achromatic color as far as the color difference is with- 
in a range acceptable to human beings such as within 
AE3. 

[0094] According to the color identification method of 
the color image forming apparatus of this embodiment, 
it is possible, in addition to the effects of the first embod- 
iment, to output sufficient data for performing highly ac- 
curate density or chromaticity control by calculating the 
estimated chromaticity for all the gradients even if the 
color balance is significantly collapsed. 
[0095] Furthermore, as described in the first embodi- 
ment, the mixture ratio of the three colors of yellow, ma- 
genta and cyan at which the process gray patch be- 
comes the achromatic color is calculated for a plurality 
of gradations from the data obtained by the color iden- 
tification method of the above described image forming 
apparatus. 

[0096] This mixture ratio is fed back to the image 
processing portion of the image forming apparatus to 
control the image forming conditions so that the image 
forming apparatus of good density-gradation character- 
istics can be provided. 

(Third embodiment) 

[0097] FIG. 5 is a flowchart showing the color identi- 
fication method for determining that the process gray 
patch is an achromatic color without using a criterion for 
the sensor output proofreading in this embodiment, and 
if it is an achromatic color, detecting of which gradient 
of black it is equivalent to in lightness. 
[0098] The third embodiment is different from the first 
embodiment in that, when making the relative compar- 
ison between the process gray patch and the gray patch 
of black, the relative comparison is made among three 
different outputs of the color sensor 42 before conver- 
sion into the chromaticity such as the RGB output values 
(output signals) instead of the chromaticity. 
[0099] This embodiment will be described on the ba- 
sis of FIGS. 1 , 5 and 8. 

[0100] The transfer medium 11 having the density or 
chromaticity controlling patch pattern 60 formed thereon 
passes through the fixing portion 30 : detecting the RGB 
output values of the gray patch 61a of black with the 
color sensor 42 in a step 311 . 



[0101] Furthermore, the RGB output values of the 
process gray patch 62a in a step 312 are detected. 
[0102] In a step 31 3, using the fact that the gray patch 
61 of black is almost the achromatic color, relative com- 

5 parison is made on whether or not the RGB output val- 
ues of the gray patch 61 a of black and those of the proc- 
ess gray patch 62a are the same. 
[0103] In the case where even one of the RGB output 
value is different between them, it is determined that the 

10 process gray patch 62a is a chromatic color in a step 
314. 

[01 04] In the case where all the three RGB output val- 
ues are the same between them, it is determined that 
the process gray patch 62a is an achromatic color in a 
15 step 315. 

[0105] Furthermore, in a step 316, it is detected that 
the lightness of the process gray patch 62a is the same 
as that of the gray patch 61 a of black. 
[0106] In addition, it is also possible, instead of mak- 

20 jng the relative comparison of the RGB output values, 
to make the relative comparison between the ratios of 
the RGB output values of the gray patches 61 and 62 
and the RGB output values for detecting a no-patch por- 
tion of the transfer medium 11 . 

25 [0107] This series of processing is sequentially per- 
formed for all the patches 61a, 61b, 61c 62a, 62b, 
62c ... of the density or chromaticity controlling patch 
pattern 60 formed on the transfer medium 11 . 
[0108] It is also possible to detect the RGB output vai- 

30 ues of all the patches first and then collectively deter- 
mine whether or not the process gray patch 62 is an ach- 
romatic color. 

[0109] In addition, it is also possible in the step 313 
to extend the subjects of the relative comparison with 
35 the RGB output values of the process gray patch 62 to 
the RGB output values of all the gray patches 61 of black 
that were measured. 

[0110] In addition, when making the relative compar- 
ison between the RGB output values of the gray patch 

40 61 of black and those of the process gray patch 62, even 
if they are not completely consistent with each other, it 
may be determined that the patch to be detected is an 
achromatic color as far as the color difference is within 
a range of an output difference or an output ratio differ- 

45 ence set to be equivalent to a color difference accepta- 
ble to human beings. 

[0111] According to the color identification method of 
the color image forming apparatus of this embodiment, 
it is possible, in addition to the effects of the first embod- 
so iment, to output sufficient data for easily performing 
highly accurate density or chromaticity control by using 
the output values of the color sensor without converting 
them. 

[0112] Furthermore, as described in the first embodi- 
55 ment, the mixture ratio of the three colors of yellow, ma- 
genta and cyan at which the process gray patch b - 
comes an achromatic color is calculated as to a plurality 
of gradations from the data obtained by the color iden- 
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tif ication method of the above described image forming 
apparatus. 

[0113] This mixture ratio is fed back to the image 
processing portion of the image forming apparatus to 
control the image forming conditions so that the image 
forming apparatus of good density-gradation character- 
istics can be provided. 

(Fourth embodiment) 

[0114] FIG. 6 is a flowchart showing the color identi- 
fication method for determining that the process gray 
patch is an achromatic color without using a criterion for 
the sensor output proofreading in this embodiment and 
if it is the achromatic color, detecting which gradation of 
black it is equivalent to in lightness. 
[0115] The fourth embodiment is different from the 
second embodiment in that, the relative comparison be- 
tw en the process gray patch and the gray patch of 
black is made among three different outputs of the color 
sensor 42 before conversion into the chromaticity such 
as the RGB output values (output signals) instead of the 
chromaticity. 

[01 16] This embodiment will be described on the ba- 
sis of FIGS. 1 , 6 and 8. 

[0117] The transfer medium 11 having a density or 
chromaticity controlling patch pattern 60 formed thereon 
passes through the fixing portion 30 : detecting the RGB 
output values of all the gray patches 61 a, 61 b, 61c ... of 
black with the color sensor 42 in a step 411 . 
[0118] Furthermore, the RGB output values of all the 
process gray patches 62a, 62b, 62c ... in a step 41 2 are 
detected. 

[0119] After detecting the RGB output values of all the 
patches 61 and 62, the estimated RGB output values 
for all the gradations are calculated from the RGB output 
values of all the gray patches 61 of black detected in a 
step 413. 

[0120] As the RGB output values successively 
change relatively to the gradations, they are calculated 
by using the RGB output values of the adjacent grada- 
tions of the measured gradations and performing the 
mathematical process such as the primary or secondary 
approximation. 

[0121] In a step 414, the search and relative compar- 
ison are performed, by using the fact that the gray patch- 
es of black are mostly achromatic colors, as to whether 
or not the RGB output values detected from the process 
gray patch 62a are the same as any gradation of the 
estimated RGB output values of the gray patches of 
black calculated in the step 413. 

[0122] As a result of the relative comparison, in the 
case where there is no matching RGB output value, the 
process gray patch 61 a is determined to be a chromatic 
color in a step 415. 

[0123] Inthecase where there are matching RGBout- 
put values, the process gray patch 61 a is determined to 
be an achromatic color in a step 41 6. 



[01 24] Furthermore, it is detected that the lightness of 
the process gray patch 61 a is the same as that of the 
gray patch of black of a certain gradation of the matching 
RGB output values in a step 41 7. 

5 [0125] The processing from the step 414 onward is 
sequentially performed to all the process gray patches 
62a, 62b, 62c ... of the density or chromaticity controlling 
patch pattern 60 formed on the transfer medium 11 . 
[0126] It is also possible, instead of making the rela- 

10 tive comparison of the RGB output values, to make the 
relative comparison between the ratios of the RGB out- 
put values of the gray patches 61 and 62 and the RGB 
output values for detecting the no-patch portion of the 
transfer medium 11. 

15 [0127] In addition, when making the relative compar- 
ison between the RGB output values of the gray patch 
61 of black and those of the process gray patch 62, even 
if they are not completely consistent with each other, it 
may be determined that the patch to be detected is an 

20 achromatic color as far as the color difference is within 
a range of an output difference or an output ratio differ- 
ence set to be equivalent to the color difference accept- 
able to human beings. 

[0128] According to the color identification method of 
25 the color image forming apparatus of this embodiment, 
it is possible, in addition to the effects of the second em- 
bodiment, to output the sufficient data for easily perform- 
ing highly accurate density or chromaticity control by us- 
ing the output values of the color sensor without con- 
so verting them. 

[01 29] Furthermore, as described in the first embodi- 
ment, the mixture ratio of the three colors of yellow, ma- 
genta and cyan at which the process gray patch be- 
comes the achromatic color is calculated as to a plurality 
35 of gradations from the data obtained by the color iden- 
tification method of the above described image forming 
apparatus. 

[0130] This mixture ratio is fed back to the image 
processing portion of the image forming apparatus to 
40 control the image forming conditions so that the image 
forming apparatus of good density-gradation character- 
istics can be provided. 

[0131] It is possible, by the above color identification 
method of the color image forming apparatus, to deter- 

45 mine whether or not the process gray patch is an ach- 
romatic color and know the level of the lightness thereof 
without using the criterion of the sensor output proof- 
reading of the color sensor, and so it is less expensive 
because the above described criterion is not necessary. 

50 Moreover, it is possible to output sufficient data for per- 
forming highly accurate density or chromaticity control 
without being influenced by contamination of the sensor 
caused by scattered paper powder, toner or ink, without 
being influenced by the temperature characteristics of 

55 the sensor and without being influenced by variations in 
the spectral characteristics of the sensor. 
[0132] Furth rmore, th mixture ratio of the thre 
colors at which the process gray patch becomes the 
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achromatic color is calculated from this data, and it is 
fed back to the image processing portion of the image 
forming apparatus to control the image forming condi- 
tions so that the image forming apparatus of good den- 
sity-gradation characteristics can be provided. 
[0133] In addition, it is possible to output sufficient da- 
ta for performing highly accurate density or chromaticity 
control by calculating the estimated chromaticity for all 
the gradations even if the color balance is significantly 
collapsed. 

[0134] In addition, it is possible to output sufficient da- 
ta for easily performing highly accurate density or chro- 
maticity control by using the output values of the color 
sensor without converting them. 

(Fifth embodiment) 

[0135] FIG. 11 is a flowchart showing control for im- 
proving color reproducibility among a plurality of color 
image forming apparatuses having the color sensor 
mounted thereon. This control is effected during inter- 
vals of ordinary printing operation. It is carried out by a 
user according to instructions in predetermined timing 
after detecting the environmental change, the number 
of sheets to be printed and so on or by user's manual 
operation when a user desires to do it. 
[0136] In a step 501 , the density-gradation character- 
istic control is performed on the reference color image 
forming apparatus for color matching, and each of cali- 
bration tables 223 of C, M, Y and K is so renewed as to 
return the density-gradation characteristics of the refer- 
enc color image forming apparatus to a target. Details 
of the tables 223 will be described later. This renewal 
can be performed by using a density sensor/color sen- 
sor installed inside the color image forming apparatus 
or by using a color meter, a densitometer and an image 
reader which are commercially available outside the 
color image forming apparatus. 

[0137] Moreover, the density-gradation characteristic 
control performed in this step may also be the color dif- 
fer nee from the specific paper type-gradation charac- 
teristic control. 

[0138] In a step 502, there is discharged to the paper 
discharge portion a color matching chart A having a plu- 
rality of gray patches of K and process gray patches of 
CMY of predetermined gradation formed on the transfer 
medium on the reference color image forming appara- 
tus. The color matching chart A is similar to the example 
of the fixed density-gradation characteristic controlling 
patch pattern shown in FIG. 10 described above. 
[01 39] I n a step 503 , the color match ing chart A is con- 
veyed to the color sensor of the color image forming ap- 
paratus, and all the patches of the color matching chart 
A are detected with the color sensor. The conveyance 
of the color matching chart A is carried out by a us r 
from the paper discharge portion of the r f rence color 
image forming apparatus to the sh et feeding portion of 
the color image forming apparatus, and by the color im- 



age forming apparatus from the sheet feeding portion to 
the color sensor. 

[0140] In a step 504, a color chart B is formed on the 
transfer medium in the color image forming apparatus, 

5 the color matching chart B being comprised of patches 
of the same image data as the color matching chart A 
and patches whose gradations are extended to the 
range adjacent to the gradations of the aforementioned 
patches as to C, M, Y and K respectively, and all the 

10 patches of the color matching chart B are detected with 
the color sensor of the color image forming apparatus. 
For instance, in the color image forming apparatus hav- 
ing 255 gradations, with the color matching chart A, the 
gradations of the patches of image data are C1 00/255 

15 (indicating that the gradient of cyan is 1 00, and so on), 
M1 00/255 and Y1 00/255, whereas with the color match- 
ing chart B, 9 patches in total are formed consisting of 
the patch of the color matching chart A and 8 patches 
in which the gradations of the CMY colors of the process 

20 gray patches are extended adjacently by 1 5 gradations 
as shown in the table in FIG. 1 2A. In addition, in the case 
of the patch of K monochrome and the gradation of 
100/255, the color matching chart B is comprised of 3 
patches in total by adding 2 patches in which only the 

25 gradations of K are extended as shown in the table in 
FIG. 12B. 

[0141] In a step 505, calculation is conducted for the 
difference between the detection results of the color 
matching chart A detected by the color sensor of the 
30 color image forming apparatus in the step 503 and the 
detection results of the patch of the same image data 
as the color matching chart A in the color matching chart 
B detected in the step 504, and the gradations of the 
colors of C, M, Y and K are calculated in order to form 
35 the patch of the same chromaticity as the color matching 
chart A in the color image forming apparatus. They are 
calculated by using the fact that a color sensor output 
successively changes as the gradation changes and in- 
terpolating the sensor output among the gradations of 
40 the patches 1 to 8 in the table in FIG. 12A. 

[0142] In a step 506, calibration tables 223 of C, M, Y 
and K are made for converting the gradations of C, M, 
Y and K of the image data of the patch of the color 
matching chart A into the gradients of C, M, Y and K for 
45 forming the patches of the same chromaticity as the 
color matching chart A calculated in the step 115. For 
instance, assuming that the gradations for forming in the 
color image forming apparatus the patches of the same 
chromaticity as the color matching chart A outputted in 
50 the reference .color image forming apparatus are calcu- 
lated to be C1 1 0/255, M1 00/255 and Y90/255 in the step 
505, with respect to the patches in which the gradations 
of the image data shown in step 115 are C1 00/255, 
M1 00/255 and Y1 00/255, the calibration tables 223 are 
55 made for conv rting C1 00/255 into C'1 10/255, 
M1 00/255 into M'1 00/255, and Y1 00/255 into Y'90/255 
in the color image forming apparatus. 
[01 43] From the step 506 onward, ordinary printing is 
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performed, and it returns to the step 1 1 1 when this con- 
trol is carried out in the aforementioned timing again. 
[0144] As this control corrects the density-gradation 
characteristics of the reference color image forming ap- 
paratus in the step 501 , the color matching chart A itself 
is a target of the density-gradation characteristics of the 
reference color image forming apparatus. Therefore, it 
is possible, in the step 506, to make the calibration ta- 
bles 223 of the color image forming apparatus on which 
the color is to be matched by using as-is the conditions 
for forming the patches of the same chromaticity as the 
color matching chart A in the color image forming appa- 
ratus. 

[01 45] As described above, according to this embod- 
iment, the color matching chart outputted by using the 
reference color image forming apparatus having the 
density-gradation characteristics already controlled is 
detected by the color sensor of the color Image forming 
apparatus in which the color matching is effected, there- 
by the calibration tables are so made as to improve the 
color reproducibility among a plurality of color image 
forming apparatuses. 

(Sixth embodiment) 

[0146] FIG. 13 is a flowchart showing the control for 
improving the color reproducibility among the color im- 
age forming apparatuses having the color sensor 
mounted thereon in a "color image forming apparatus 
system" which is the sixth embodiment. The major dif- 
ferences from the first embodiment are that it does not 
initially require the density-gradation characteristic con- 
trol in the reference color image forming apparatus, that 
just one sheet of the color matching chart is required to 
be ejected from the reference color image forming ap- 
paratus, and that the density-gradation characteristic 
control in the color image forming apparatus must use 
the color sensor installed inside the color image forming 
apparatus. This control is effected during intervals of or- 
dinary printing operation. It is carried out by a user ac- 
cording to instructions in predetermined timing after de- 
tecting the environmental change, the number of sheets 
to be printed and so on or by user's manual operation 
when a user desires to do it. 

[0147] In a step 601 , the color matching chart is dis- 
charged to the paper discharge portion , which has a plu- 
rality of gray patches of K and process gray patches of 
CMY of the predetermined gradation formed on the 
transfer medium by using the reference color image 
forming apparatus for color matching. On this occasion, 
all the patches are detected with the color sensor of the 
reference color image forming apparatus. 
[0148] In a step 602, the color matching chart is con- 
veyed to the color sensor of the color image forming ap- 
paratus in which color matching is effected, and all the 
patches of the color matching chart are detected with 
the color sensor. Th conveyance of the color matching 
chart is performed by a user from the paper discharge 



portion of the reference color image forming apparatus 
to the sheet feeding portion of the color image forming 
apparatus, and by the color image forming apparatus 
from the sheet feeding portion to the color sensor. 

5 [0149] In a step 603, the reference color image form- 
ing apparatus in the step 601 notifies the color image 
forming apparatus of detection results of the color 
matching chart. As for the notifying means, the color im- 
age forming apparatus may have communication 

10 means for enabling communication between the color 
image forming apparatuses, or indirect communication 
means via an external apparatus such as a personal 
computer may be used. 

[0150] In a step 604, a color sensor output correction 

* 5 table is made for converting color sensor detection re- 
sults of the color image forming apparatus in the step 
122 into color sensor output results of the reference 
color image forming apparatus notified in the step 123. 
[01 51 ] In a step 605, in the color image forming appa- 

20 ratus, the color sensor and the color sensor output cor- 
rection table made in the step 124 are used to form the 
above described fixed density-gradation characteristic 
controlling patch pattern 63 on the transfer medium so 
as to control the density-gradation characteristics. On 

25 this occasion, the output value of the color sensor of the 
color image forming apparatus is converted into the 
color sensor output of the reference color image forming 
apparatus in the color sensor output correction table, 
and the converted output value is used to control the 

30 density-gradation characteristics of the color image 
forming apparatus. The density-gradation characteristic 
control performed in this step may also be the color dif- 
ference gradation characteristic control from the specific 
type of paper. From the step 605 onward, the ordinary 

35 printing is performed, and it returns to the step 121 when 
this control is carried out in the aforementioned timing 
again. 

[01 52] This control is so constituted as to compare the 
color sensor output of the color image forming appara- 

40 tus with that of the reference color image forming appa- 
ratus so that the variations of both the color sensors are 
corrected. Therefore, it is not necessary to initially per- 
form the density-gradation characteristic control in the 
reference color image forming apparatus. In addition, 

^5 the color matching chart is not limited to the described 
gray patch, but it may also be a chart of the chromatic 
color patch of primary to quartic colors. However, color 
reproducibility cannot be obtained unless the fixed den- 
sity-gradation characteristic controlling patch pattern 63 

so formed on the transfer medium and the colorsensor are 
used for the density-gradation characteristic control per- 
formed at any time. 

[0153] As described above, according to this embod- 
iment, the color image forming apparatus is notified of 
55 the detection results of the color matching chart detect- 
ed by the reference color image forming apparatus to 
correct the variations of th color s nsors so that the 
color reproducibility is improved among a plurality of 
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color image forming apparatuses. 
(Seventh embodiment) 

[0154] FIG. 14 is a flowchart showing the control for 
improving the color reproducibility among the color im- 
age forming apparatuses having the color sensor 
mounted thereon in the "color image forming apparatus 
system" which is the seventh embodiment. The major 
difference from the sixth embodiment is that the color 
matching chart is detected by the color sensor at the 
time of shipment to make the color sensor output cor- 
rection table. 

[0155] Steps 701 to 703 are operations to be per- 
formed when shipping the color image forming appara- 
tus, and the steps 701 to 702 can also be performed 
before mounting the color sensor on the color image 
forming apparatus. 

[0156] In the step 701, detection with the color sensor 
is performed concerning the color matching chart, pre- 
pared in advance, having a plurality of gray patches of 
K and process gray patches of CMY of the predeter- 
mined gradation which have been formed on the trans- 
fer medium. 

[0157] In the step 702, the color sensor output correc- 
tion table is made for converting the results detected in 
the step 701 into the detection results obtained when 
detecting the color matching chart with an ideal color 
sensor. 

[01 58] I n the step 703, the color sensor output correc- 
tion table made in the step 702 is stored in a nonvolatile 
memory device of the color image forming apparatus or 
the color sensor. 

[0159] In the step 704, using the color sensor and the 
color sensor output correction table at a shipment des- 
tination, the above described fixed density-gradation 
characteristic controlling patch partem 63 is formed on 
the transfer medium so as to control the density-grada- 
tion characteristics. On this occasion, the output value 
of the color sensor of the color image forming apparatus 
is converted into the ideal color sensor output in the 
color sensor output correction table, and the converted 
output value is used to control the density- gradation 
characteristics of the color image forming apparatus. 
Moreover, the density-gradation characteristic control 
performed in this step may also be the color difference 
gradation characteristic control from the specific type of 
paper. 

[01 60] This control is so constituted as to compare the 
color sensor output of all the color image forming appa- 
ratuses to be shipped with the ideal color sensor output 
so that the variations of the color sensors are corrected, 
and it is excellent in that it does not need to output a test 
chart after the shipment. In addition, the color matching 
chart is not limited to the described gray patch, but it 
may also be a chart of the chromatic color patch of pri- 
mary to quartic colors. However, as in the sixth embod- 
iment, the color reproducibility cannot be obtained un- 



less the fixed density-gradation characteristic control- 
ling patch pattern 63 formed on the above described 
transfer medium and the color sensor are used for the 
density-gradation characteristic control performed at 
5 any time. 

[0161] Tocope with output fluctuation of the color sen- 
sor after the shipment, it is also feasible, in the color 
image forming apparatus having a hygrothermal sensor, 
to store and use several types of color sensor output 
10 correction tables corresponding to the temperature and 
humidity. In addition, it is also possible to combine the 
control in this embodiment with that in the first embodi- 
ment. 

[0162] As described above, according to this embod- 
15 iment, the color matching chart is checked with the color 
sensor at the time of shipment to correct the variations 
of the color sensors, so that it can improve the color re- 
producibility among a plurality of color image forming 
apparatuses without outputting the test chart. Moreover, 
20 while the output correction table is stored in a nonvolatile 
memory means in this embodiment, same may also be 
performed as required in the other embodiments. 

(Eighth embodiment) 

[0163] FIG. 15 is a flowchart showing the control for 
improving the color reproducibility among the color im- 
age forming apparatuses having the color sensor 
mounted thereon in the "color image forming apparatus 

30 system" which is the eighth embodiment. The major dif- 
ference from the seventh embodiment is that the color 
matching chart of the seventh embodiment is shipped 
along with the color image forming apparatus, the color 
matching chart is detected with the color sensor at the 

35 shipment destination, and the color sensor output cor- 
rection table is made and renewed. This control can be 
carried out as many times as desired during intervals of 
ordinary printing operation. It is carried out by a user 
according to instructions in predetermined timing after 

40 detecting the environmental change, the number of 
sheets to be printed and so on or by user's manual op- 
eration when a user desires to do it. 
[0164] In the step 801 , detection with the color sensor 
is performed concerning the predetermined color 

45 matching chart, prepared in advance, having a plurality 
of gray patches of K and process gray patches of CMY 
of the predetermined gradient which have been formed 
on the transfer medium. 

[0165] In the step 802, the color sensor output correc- 
50 tion table Is made for converting the results detected in 
the step 801 into the detection results obtained when 
detecting the color matching chart with the ideal color 
sensor. 

[0166] Inthest p 803, the colors nsor output correc- 
55 tion table created in the step 802 is stored in th non- 
volatile memory device of the color image forming ap- 
paratus or the color sensor 

[0167] In the step 804, using the color sensor and the 
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color sensor output correction table, the above de- 
scribed fixed density-gradation characteristic controlling 
patch pattern 63 is formed on the transfer medium so 
as to control the density-gradation characteristics. On 
this occasion, the output value of the color sensor of the 
color image forming apparatus is converted into the ide- 
al color sensor output in the color sensor output correc- 
tion table, and theconverted output value is usedto con- 
trol the density-gradation characteristics of the color im- 
age forming apparatus. Moreover, the density-gradation 
characteristic control performed in this step may also be 
the color difference-gradation characteristic control 
from the specific type of paper 

[0168] From the step 804 onward, the ordinary print- 
ing is performed, and it returns to the step 801 when 
carrying out this control in the aforementioned timing 
agair 

[0169] This control is so constituted as to compare the 
color sensor output of all the color image forming appa- 
ratuses witn the ideal color sensor output so that the 
variations of the color sensors are corrected, and it is 
excellent in that it can cope with the sensor output fluc- 
tuation after the shipment although it is necessary to 
bnng about no difference among all the color matching 
charts attached to the color image forming apparatuses 
on and after the shipment. In addition, the color match- 
ing chart is not limited to the described gray patch, but 
it may also be a chart of the chromatic color patch of the 
pnmary to quartic colors. However, as in the sixth and 
seventh embodiments, the color reproducibility cannot 
be obtained unless the fixed density-gradation charac- 
teristic controlling patch pattern 63 formed on the above 
described transfer element and the color sensor are 
used for the density-gradation characteristic control per- 
formed at any time. 

[0170J In addition, in the case where it is desired to 
match the colors among a plurality of specific color im- 
age forming apparatuses, one sheet may be selected 
from the color matching charts each of which is attached 
to each of the above described color image forming ap- 
paratuses and the same color matching chart as the se- 
lected one sheet is detected by the color sensors of the 
color image forming apparatuses to make the color sen- 
sor output correction tables of the color image forming 
apparatuses. Thus, the control can be carried out with- 
out being influenced by color variations among the color 
matching charts. 

[0171] As described above, according to this embod- 
iment, the color matching chart is attached at the time 
shipment and detected at any time of correcting the var- 
iations of the color sensors, so that the color reproduc- 
ibility can be improved among a plurality of color image 
forming apparatuses. 

[0172] As described above, improvement can be 
made on the color reproducibility among a plurality of 
color image forming apparatuses. 
[0173] In a color image forming apparatus, a color ton- 
er patch for controlling density or chromaticity may be 
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detected by a color sensor and fed back to process con- 
ditions so as to control density or chromaticity of a final 
output image. 

[0174] However, a white reference board for proof- 
reading sensor output is expensive, and may have pa- 
per powder, toner or ink scattered thereon to become 
no longer usable as a reference board. 
[0175] The present invention provides a color identi- 
fication method and a color image forming apparatus ex- 
ploitable for density or chromaticity control by using a 
color sensor without using the reference board. 
[0176] In the present invention, a gray patch of black 
and a process gray patch of yellow, magenta and cyan 
are formed on a transfer medium, the chromaticity is de- 
tected without using a criterion for sensor output proof- 
reading, and relative comparison is made between the 
chromaticities detected from the above two types of gray 
patches by using as a standard the gray patch of black 
which is almost achromatic, and if the chromaticities are 
consistent with each other, the process gray patch is 
judged to be achromatic. 



Claims 

1 . An image forming apparatus comprising: 

an image forming means for forming images 
out of an achromatic colorant and a plurality of 
chromatic colorants and superimposing the im- 
ages to form a color image; 
a means for having said image forming means 
form a gray patch out of said chromatic color- 
ants and a gray patch out of said achromatic 
colorant; 

a detecting means for detecting chromaticity of 
the gray patch formed out of said chromatic col- 
orants and chromaticity of the gray patch 
formed out of said achromatic color colorant by 
using a color sensor; and 
a controlling means for controlling image form- 
ing conditions forsaid image forming means on 
the basis of those detection results. 

2. The image forming apparatus according to claim 1 , 
wherein said chromatic colorants are yellow, ma- 
genta and cyan. 

3. The image forming apparatus according to claim 1 , 
which further comprises a comparing means for 
comparing detection result of a chromaticity of the 
gray patch formed out of said chromatic colorants 
with detection result of a chromaticity of the gray 
patch formed out of said achromatic colorant. 

4. The image forming apparatus according to claim 3, 
wherein in a case where the comparison result 
shows that both the chromaticities are approximate- 
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ly equal to each other, lightness of the gray patch 
formed out of said chromatic colorants is judged to 
be equal to that of the gray patch formed out of said 
achromatic colorant. 

5. The image forming apparatus according to claim 1 , 
which further comprises a means for calculating a 
mixing ratio of said chromatic colorants on the basis 
of said detection results. 

6. The image forming apparatus according to claim 1 , 
which further comprises a means for correcting a 
calibration table of said Image forming apparatus on 
the basis of the detection results. 
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7. The image forming apparatus according to claim 1 , 
wherein each of the gray patch formed out of said 
chromatic colorants and the gray patch formed out 
of said achromatic colorant is formed in plurality of 
different gradations. 20 

8. The image forming apparatus according to claim 1 , 
which further comprises a means for estimating the 
chromaticity of the gray patch of another gradation 

on the basis of the chromaticity of the gray patch 25 
formed out of said achromatic colorant. 

9. The image forming apparatus according to claim 1 , 
wherein said detecting means outputs a plurality of 
color separation signals. 30 



10. The image forming apparatus according to claim 9, 
which further comprises a comparing means for, 
every color separation signal, comparing the detec- 
tion result of the chromaticity of the gray patch 35 
formed out of said chromatic colorants with the de- 
tection result of the chromaticity of the gray patch 
formed out of said achromatic colorant. 

1 1 . The image forming apparatus according to claim 8, 40 
wherein said detecting means outputs a plurality of 
color separation signals. 

1 2. The image forming apparatus according to claim 1 1 , 
which further comprises a comparing means for, 
every color separation signal, comparing the detec- 
tion result of the chromaticity of the gray patch 
formed out of said chromatic colorants with the de- 
tection result of the chromaticity of the gray patch 
formed out of said achromatic colorant. 50 

13. An adjustment method for an image forming appa- 
ratus forming images out of an achromatic colorant 
and a plurality of chromatic colorants and superim- 
posing the images to form a color image, compris- 55 
ing: 

a step of having said image forming apparatus 



form a gray patch out of said chromatic color- 
ants and a gray patch out of said achromatic 
colorant; 

a step of detecting chromaticity of the gray 
patch formed out of said chromatic colorants 
and chromaticity of the gray patch formed out 
of said achromatic colorant by using a color 
sensor included in said image forming appara- 
tus; and 

a step of controlling image forming conditions 
for said image forming apparatus on the basis 
of those detection results. 

1 4. An adjustment method for a plurality of image form- 
ing apparatuses forming images out of an achro- 
matic colorant and a plurality of chromatic colorants 
and superimposing the images to form a color im- 
age, comprising: 

a step of having a reference image forming ap- 
paratus form a gray patch out of said chromatic 
colorants and a gray patch out of said achro- 
matic colorant; 

a step of detecting chromaticity of the gray 
patch formed out of said chromatic colorants 
and chromaticity of the gray patch formed out 
of said achromatic colorant respectively on said 
reference image forming apparatus by using a 
color sensor included in another image forming 
apparatus; 

a step of having said other image forming ap- 
paratus form the gray patch out of said chro- 
matic colorants and the gray patch out of said 
achromatic colorant; 

a step of detecting chromaticity of the gray 
patch formed out of said chromatic colorants 
and chromaticity of the gray patch formed out 
of said achromatic colorant respectively on said 
other image forming apparatus by using the 
color sensor included in said other image form- 
ing apparatus; and 

a step of adjusting image forming conditions for 
said other image forming apparatus on the ba- 
sis of the detection results of said detecting 
steps. 

15. An adjustment method of the image forming appa- 
ratus according to claim 1 , comprising: 

a step of detecting the chromaticity of a refer- 
ence patch by using the color sensor included 
in said image forming apparatus; and 
a correcting step of correcting an output table 
of said color sensor on the basis of the detected 
chromaticity. 

16. The adjustment method according to claim 15, 
wherein said reference patch is formed by another 
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image forming apparatus. 

17. The adjustment method according to claim 15, 
wherein, said reference patch is an ideal patch. 

5 

18. The adjustment method according to claim 15, 
wherein said reference patch is shipped as an at- 
tachment to the apparatus. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 12A 
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